To evaluate the protein quality and iron bioavailability of a fortifying mixture based on pork liver.
A B S T R A C T Objective
To evaluate the protein quality and iron bioavailability of a fortifying mixture based on pork liver.
Methods
Determinations of protein efficiency ratio, net protein utilization, true digestibility and hemoglobin regeneration efficiency by depletion and repletion were performed. In the depletion phase, the animals (male Wistar rats) received an iron-free AIN-93G diet and in the repletion phase they received the following diets: standard AIN-93G diet, fortifying mixture and standard diet containing heptahydrated ferrous sulfate for comparison.
Results
For standard AIN-93G diet and fortifying mixture the results were 3.75 and 4.04 for protein efficiency ratio and 3.53 and 3.63 for net protein retention, showing that the presence of pork liver in the diet promoted an increase in protein efficiency ratio and net protein retention (not statistically significant). True digestibility results obtained with the fortifying mixture (97.16%) were higher than those obtained with the standard AIN-93G diet (casein), but without significant difference. The hemoglobin regeneration efficiency values obtained for standard AIN-93G diet, fortifying mixture and standard diet containing heptahydrated ferrous sulfate were 50.69, 31.96 and 29.96%, respectively, showing a statistically significant difference between the control (standard AIN-93G diet) and test (fortifying mixture and standard diet containing heptahydrated ferrous sulfate) samples, but not between the test samples.
Conclusion
The fortifying mixture showed a high protein efficiency ratio value of 4.04 and a high relative biological value (108%) and it can be added to soups, creams and meats in day-care centers for the prevention of iron-deficiency in children of school age.
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R E S U M O
Objetivo Avaliar a qualidade protéica e a biodisponibilidade de ferro de uma mistura fortificadora a base de fígado suíno.
Métodos
Foram determinados coeficiente de eficácia protéica, retenção protéica líquida, digestibilidade verdadeira e de eficiência da regeneração de hemoglobina (depleção e repleção). Na fase de depleção os animais (ratos da linhagem Wistar) receberam dieta (AIN-93G) isenta de ferro e na fase de repleção receberam as dietas: padrão AIN-93G (dietas padrão AIN-93G), mistura fortificadora e dieta-padrão com sulfato ferroso heptahidratado para comparação.
Resultados
Para dietas padrão AIN-93G e mistura fortificadora os resultados foram respectivamente 3,75 e 4,04 para coeficiente de eficácia protéica e 3,53 e 3,63 para retenção protéica líquida mostrando que a presença de fígado suíno promoveu aumento dos valores de coeficiente de eficácia protéica e retenção protéica líquida (sem diferença estatística). Resultados de digestibilidade verdadeira obtidos com a dieta mistura fortificadora (97,16%) foram maiores do que os obtidos com a dietas padrão AIN-93G (caseína), também sem diferença estatística. Os resultados de eficiência da regeneração de hemoglobina para dietas padrão AIN-93G, mistura fortificadora e sulfato ferroso heptahidratado foram respectivamente 50,69; 31,96 e 29,96% apresentando diferença estatística significativa entre a amostra controle (dietas padrão AIN-93G) e as amostras testes (mistura fortificadora e sulfato ferroso heptahidratado), porém não entre as amostras testes.
Conclusão
A mistura fortificadora se mostrou com alto coeficiente de eficácia protéica (4, 04) 
I N T R O D U C T I O N
The use of foods fortified by the addition of nutrients is a strategy for the combat against nutritional deficiencies. Despite the good results observed with fortification programs in terms of a reduced risk to develop specific deficiencies [1] , the addition of nutrients to food does not resolve states of multiple deficiencies in a satisfactory manner [2] and may involve risks of overdosing. The fortification of preparations with foods directed at the target audience has advantages by reducing the risk of excessive intake or of insufficient coverage of the nutritional requirements [1] and by simultaneously providing nutrients and bioactive compounds. Another advantage of the use of fortifying ingredients is the possibility of expanding access by preparing food formulations at each target location [3, 4] .
Among the nutritional deficiencies still persisting today, iron-deficiency anemia is the most important in terms of prevalence, affecting about 30% of the world population, especially children up to five years of age, a stage of life during which the disease affects more than 40% of the inhabitants of Latin America [5] .
Culinary solutions have been already adopted in nutritional studies focusing on anemia, but could also be applied to other nutritional requirements since they combine the complex nutritional matrices represented by foods [6] . Approaches using recipes with foods of high nutritional density in order to combat anemia in Brazil depend on the development and assessment of the potential of these products. Thus, the present study concerns the nutritional evaluation of a pork liver formulation based on the analysis of its iron content and bioavailability and its protein quality.
M E T H O D S
The description of the pork liver fortifying mixture and the details of its formulation have been previously published [7] .
The formulations of the experimental diets are listed in Table 1 . They were prepared according to AIN-93G standards [8] , containing 12% protein in order to be isoenergetic and isoproteic. The centesimal composition of the diets was determined in all formulations [9, 10] Eighteen 23-day-old newly weaned male albino Wistar rats (Rattus novergicus) initially weighing 45g to 50g were used for the biological assay. The rats were divided into three groups of six animals, each group receiving one of the experimental diets.
During the 28-day assay, the animals were kept in individual cages under conditions of controlled temperature (25±2ºC) and a 12-hour light/dark cycle, with free access to water and to their respective diets.
The protein quality of the experimental diets was evaluated by means of a biological assay as described by Pellet & Young [11] . Diet consumption and animal weight were recorded every two days for 28 days for the determination of weight gain, food consumption, protein consumption and Feed Efficiency Rate (FER).
The Protein Efficiency Rate (PER), net protein utilization and true digestibility were determined according to the protocol proposed by Hegsted [12] .
Iron bioavailability was determined by the Hemoglobin Regeneration Efficiency (HRE) method, repletion protocol, proposed by Fritz et al. [13] .
The experimental design was fully randomized and the study was divided into two periods, i.e., depletion and repletion. During the depletion period (28 days), the animal received an iron-free standard AIN-93G diet [8] for the induction of anemia, and during the repletion period, the animals received the vitamin (AIN-93-VX) and mineral (AIN-93G-MX) mixtures recommended by the American Institute of Nutrition (AIN) as described by Reeves et al. [8] .
Defined ingredient quantities were duly mixed and pelleted (with no heating), forming the test diets ( Table 1 ). All diets used were isocaloric and isoproteic and the quantities of their ingredients were established on a dry basis.
Twenty-one newly weaned male albino Wistar rats (Rattus norvegicus) aged approximately 23 days and weighing 50g to 60g were used for the assay. The animals were housed in individual cages in a temperature-controlled room (25ºC±2ºC) under a 12/12 hour dark/light cycle. The assay consisted of two phases, i.e., depletion and repletion.
Depletion period: the objective of the depletion period was to induce iron-deficiency anemia and to prepare the animals for the repletion phase. The animals received the Standard Diet Without Iron (SDWFe) and deionized water ad libitum for 28 days [14] . At the end of this period, the animals were anesthetized with a ketamine solution (0.15mL/100g body weight) and blood was collected from the tip of the tail into tubes containing ethylenediaminetetraacetic acid as an anticoagulant and refrigerated at 4°C for later hemoglobin [15] and hematocrit [16] determination. Animals with hemoglobin levels below 7gdL -1 were considered to be anemic [15, 17] .
Repletion period: anemic rats were divided into three groups of five animals each according to weight and hemoglobin levels. The test diets (Table 1) were weighed daily and administered to the animals in a controlled manner (18g/day); deionized water was offered ad libitum, for 21 days. Weight gain and food consumption were recorded weekly for the calculation of FER. Hemoglobin and hematocrit were determined on the 21st day of repletion.
Biological iron utilization for the iron levels determined in the diet was calculated using the HRE% method as proposed by Mahoney et al. [18] based on the following equation: HRE = {(mg HbFe(Final) -mg HbFe(Initial) / mg Fe consumed} x 100, where mg HbFe = animal weight (g) x 0.067 mL blood/g body weight (considering that the blood volume corresponds to 6.7% of the animal's weight and that the hemoglobin molecule contains 0.335% iron) x g Hb/mL blood.
The relative biological values was obtained by dividing the slope (a 1 ) of the line of the test diet (Fortifying mixture) by the slope (a 2 ) of the SDFeSu line, as illustrated in Figure 1 .
The study was approved by the Ethics Committee for the Use of Animals (Pontifícia Universidade Católica de Campinas), Protocol nº 005/2012. Descriptive statistics were used to summarize and describe data as mean and standard deviation. Protein quality and iron bioavailability data were analyzed by Analysis of Variance (Anova) followed by the Tukey and Dunnett tests, with the level of significance set at 5% in both cases [19] , using Statistical Package for the Social Sciences (SPSS Inc., Chicago, Illinois, United States) version 18.0. 
Evaluation of protein quality
Data regarding weight gain, food consumption, protein consumption and FER for the animals fed with diets protein-free, control (AIN-93G) and containing fortifying mixture (GFM) diet are listed in Table 2 , as well as data regarding the determination of PER, Net Protein Retention (NPR), and true digestibility.
The results show that the animals receiving the G1 diet (protein-free) showed anegative meanweight gainof -10.7g, indicating that, as expected, weight loss occurred during the experiment [20] .
Comparison of the results obtained with the GFM diet (fortifying mixture) to those obtained with the G2 diet (standard casein diet) revealed that here was no significant difference (p>0.05) in the parameters evaluated. This demonstrates the efficiency of the proteins present in the experimental diet regarding animal growth promotion and weight gain.
The test diet favored a good weight gain, suggesting that the animals had adapted to the consumption of a diet whose palatability did not affect its acceptability. Weight gain is not considered, of itself, to be an indicator of protein quality, although its results are reflected in the PER and FER, the same way as observed for diet and protein consumption. However, weight gain is known to be possibly related to water retention and to the synthesis of adipose tissue due to the composition of the food consumed [21] .
The animals fed the GFM diet ingested the same quantity as the animals receiving the G2 diet (p>0.05), values corresponding to the expected consumption of approximately 15g/day [22] . The mean daily consumption of the animals fed the standard diet (G2) and the test diet (GFM) showed not be statistically significant. The same was observed for weight gain, with no differences (p>0.05) between the GFM (49.95g) and G2 (48.87g) groups. Also, for FER, there was nonsignificant difference between the GFM group (0.49) and the G2 group (0.45). These data indicate that the protein of the experimental GFM diet was utilized biologically as much as the standard AIN-93 protein (casein).
The evaluation of protein quality using PER and NPR revealed no significant difference (p<0.05) between the G2 diet (with casein) and the GFM diet. The results obtained for G2 and GFM were 3.8 and 4.0 for PER and 3.5 and 3.6 for NPR, respectively. However, those differences were not statistically significant. Thus, it can be seen that the presence of pork liver in the diet promoted an increase in PER and NPR values. This fact can be explained by the higher food consumption and the consequent increase in the amount of protein consumed interfering with PER and NPR values, since the protein consumption and weight gain variables are used for the calculation of the two methods of biological evaluation.
Mendes et al. [23] detected PER and NPR values of 4.4 and 4.8 for chicken meat, 4.2 and 4.7 for fish, and 4.1 and 4.5 for pork meat, respectively, higher than the values obtained here for the G2 diet (3.8 and 3.5), indicating that proteins of animal origin have a high biological value. Thus, chicken meat, fish and pork meat had higher PER and NPR values than those obtained here. Regarding true digestibility, although the values obtained with the GFM diet (97.2%) were higher than those obtained with the G2 diet (casein), the difference between them was nonsignificant (p<0.05).
Bioavailability of iron in the fortifying mixture
Depletion period: The hemoglobin and hematocrit results showed that all animals developed anemia at the end of the depletion period (<7.0mgdL -1 ).
Repletion period: The FER results obtained after the repletion phase are listed in Table 3 . Anova showed that there was no significant difference between the test groups (FMD and SDFeSu) and that both groups had higher values of FER than the control group (standard diet).
A study that evaluated another protein source -mortadella -did not obtain the same result, but rather obtained better iron bioavailability for the control AIN-93G diet [23] . In a study of iron bioavailability in milk whey food supplements, Castro [24] observed that, during the repletion phase, the test diet (milk supplement containing 12mg of iron per kg) resulted in higher FER values compared to its control diet containing heptahydrated ferrous sulfate. The author considered this result to be due to the addition to the supplement of other minerals responsible for growth and weight gain such as zinc, which helps palatability and improves appetite and is a co-factor for many enzymes responsible for growth. Other studies reporting similar results pointed out that qualitative differences in the proteins present in the different diets under study should also be considered, in addition to the different contents of other minerals [8, [24] [25] [26] .
Rat hemoglobin levels were determined at the beginning and at the end of the repletion phase, with the difference between these values characterizing hemoglobin gain. Table 4 lists the mean + standard deviation values of GHb, iron consumption, ratio of hemoglobin gain per mg iron and HRE.
Hemoglobin gain (GHbin g/dL) was similar for the FMD and SDFeSu groups, with no difference by the Tukey and Dunnett tests, but differed from the control group (standard diet). Hemoglobin gain in relation to initial hemoglobin levels was 157.7% for the animals fed the FMD.
Hemoglobin gain was higher in the group receiving the diet containing heme iron compared to its respective control group receiving the diet containing ferrous sulfate. This was due to the fact that heme iron from products of animal origin (meats and derived products) has a higher absorption index since it crosses the cell membrane with an intact metalloporphyrin [24] .
The Tukey test showed that iron consumption was significantly lower in the control group (standard diet) compared to the SDFeSu and FMD groups, with no significant differences between the latter groups. Analysis by the Dunnett test revealed a significant difference between the FMD and standard diet (control) groups.
Regarding the ratio between hemoglobin gain and consumed iron (GHb/Fe), the Tukey test revealed that the standard diet, FMD and SDFeSu groups did not differ significantly from one another, although the FMD group showed higher values than its respective SDFeSu control. When GHb/Fe data were analyzed by the Dunnett test, the FMD and SDFeSu groups did not differ significantly from the standard diet group (control).
The hemoglobin regeneration (HRE%) values detected were much lower and close to one another in the groups receiving the test diets (FMD and SDFeSu) compared to the control group (standard diet), as can be seen according to the data listed in Table 4 . There was statistically nonsignificant differences between the test groups, but they were statistically different in relation to the control group (standard diet).
Since hemoglobin regeneration efficiency expresses the percentage of ingested iron that is absorbed, it can be seen that the group that received a greater quantity of iron showed a lower HRE value since the percentage of absorbed iron is inversely proportional to ingested iron, indicating lower iron absorption. A similar behavior was observed by Castro [24] and by Haro-Vicente et al. [27] . In their studies. HRE was also reduced, being higher in the standard diet group and lower in the SDFeSu group.
The use of food mixtures containing ingredients of high nutritional density has been successfully tested in Africa [28] . The cited authors pointed out that the main difficulty, in this case, is the cost of food. The liver used in the present study is among the pork products of lower cost, corresponding to less than 30% of the cost of a conventional cut of pork meat.
The relative biological values in the FMD (108%) was calculated considering as standard the control diet containing ferrous sulfate (SDFeSu) with RBV 100%.
In a study assessing a milk whey food supplement with inulin added and enriched with iron (12mg ferrous fumarate/100g), zinc, copper and vitamin A, Castro [24] obtained an RBV value of 76%, while Navas-Carretero et al. [29] , in a study on rats using cereals fortified with ferrous fumarate, obtained an RBV value of 95%. In both studies, the values were lower than those obtained in the present study (108%).
The relative biological value demonstrated that, although the two diets were formulated with the same iron concentration, iron availability was greater in the FMD. This may be explained by the fact that the main ingredient used in the FMD was of animal origin, a source of heme iron whose absorption is 2 to 3 times higher than that of non-heme iron [30] .
In turn, ferrous sulfate is an orally administered medication extensively used for the treatment of iron deficiency which, however, consists of non-heme iron whose absorption may be impaired by inhibitory factors. Some studies have demonstrated difficulties regarding ferrous sulfate use, such as a prolonged treatment time with a consequent low adhesion, side effects such as nausea, abdominal cramps and constipation, occurring in about 20% of the patients submitted to this treatment, low adhesion to national programs of iron supplementation, and deficient iron distribution, among others [31] [32] [33] [34] [35] . Thus, the present similar results regarding HRE% and RBV for the control group receiving ferrous sulfate and the group receiving the FM represent a positive aspect, demonstrating a similar bioavailability and the possibility of using the FM at day-care centers, favoring the absorption of non-heme iron present in the diet and facilitating the prevention of iron-deficiency anemia or the adhesion to its treatment.
The main limitations of this study are circumscribed discussion, due to the fact that very little research has been written about the fortification of foods with another food as a source of iron. This probably contributed by adding a quantity of other nutrients. Some unintentional contaminants may also have been added to the mixture. However, these failures were successfully overcome with the use of controls for the preparation of the diet and the standardization of the mixtures.
In powder form and not requiring cooking or heating, the fortifying mixture can be easily added to soups, creams, cooked meats and mainly beans, which represent a basic dietary preparation practically throughout the Brazilian territory. Thus, its daily use at day-care centers is a positive and promising aspect for the prevention and control of iron-deficiency anemia in humans, especially children of school age. This is a product with a strong chance of being used for school meals and with the consequent potential of being included in the National School Feeding Program, after a acceptability test with humans.
C O N C L U S I O N
The fortifying mixture made from pork liver proved to be a product with a high PER value of 4.04 and high RBV of iron, equivalent to 108% compared to ferrous sulfate. IRON 
